Abstract: We simultaneously observe the probe transmission, four-wave mixing (FWM) and fluorescence signals under dressing effects in a four-level Y -type atomic system for the first time. The physical mechanisms of three types of signals are explored by changing the frequency detuning and power of incident laser beams. Especially, the ultranarrow fluorescence signals have been experimentally obtained due to twice shearing by electromagnetically induced transparency (EIT) window, which are much narrower than the Doppler-free EIT window. Such ultranarrow fluorescence signals with very high coherence and monochromaticity have potential applications in the quantum correlation and narrow linewidth laser. Studying the FWM processes can find applications in optical switch and optical communication.
Introduction
Enhanced multiwave mixing (MWM) processes due to atomic coherence have been experimentally reported in several multilevel atomic systems [1] , [2] . The keys in such enhanced nonlinear optical processes include enhanced nonlinear susceptibilities due to the induced atomic coherence and slowed laser beam propagation in the atomic medium, as well as greatly reduced linear absorption of the generated optical fields due to electromagnetically induced transparency (EIT). A great deal of attention has been paid to observe and understand the phenomenon of EIT and related effects in multilevel atomic systems interacting with two or more electromagnetic fields [3] - [6] . Therein, the interaction among several MWM signals has been experimentally observed [7] . Polarizationcontrolled suppression and enhancement of six-wave mixing has also been revealed [8] . Moreover, the dressing effect of MWM is also modulated by the angle between incident laser beams [9] . On the other hand, there have been some interests in the Autler-Townes (AT) splitting in multilevel atomic system [10] - [12] . Theoretical studies indicate that the AT-split Rydberg population can lead to an antiblockade effect [13] , and such phenomenon was experimentally demonstrated with twophoton excitation in a three-level atomic system [14] . Such an AT splitting effect has also been investigated by detecting fluorescence in lithium molecules using CW triple-resonant spectroscopy [15] , [16] .
In this paper, we simultaneously compare the probe transmission, four-wave mixing (FWM), and fluorescence signals under dressing effects in an open-cycle Y -type atomic system for the first time. The physical mechanisms of three types of signals are explored by changing the frequency detuning and power of incident laser beams. Especially, we report our experimental demonstration of generating ultranarrow fluorescence signals that are much narrower than the Doppler-free EIT window. Several features in this work are distinctly different and advantageous over the previously reported fluorescence process [15] , [16] . First, ultranarrow fluorescence signals (about 10 MHz) can be obtained in an open-cycle four-level Y -type atomic system. To the best of our knowledge, such fluorescence signals with ultranarrow linewidth have not been reported, either experimentally or theoretically. This will allow us to investigate the quantum correlation and narrow linewidth laser since the generated fluorescence signal is of very high coherence and monochromaticity. Second, the generated fluorescence signals fall into two separate EIT windows in the four-level dual-EIT system. By individually controlling the EIT windows, the generated fluorescence signals can be clearly separated and distinguished or pulled together. Third, the amplitude of the fluorescence signal can be controlled by the incident beam intensity and frequency detuning (via dressed states).
Experimental Scheme and Theoretical Model
For a simple four-level Y -type atomic system, as shown in Fig. 1(a) , two strong coupling fields, i.e., E 2 (! 2 , k 2 , and Rabi frequency G 2 ) and E 0 2 (! 2 , k 0 2 , and Rabi frequency G 0 2 ), drive the upper transition 5P 3=2 ðj1iÞ to 5D 5=2 ðj2iÞ, and the other two strong laser fields, i.e., E 3 (! 3 , k 3 , and Rabi frequency G 3 ) and E 0 3 (! 3 , k 0 3 , and Rabi frequency G 0 3 ), drive the transition j1i to 5D 3=2 ðj3iÞ. A weak laser field, i.e., E 1 (! 1 , k 1 , and Rabi frequency G 1 ), probes the lower transition 5S 1=2 ðj0iÞ to j1i. The laser beams are aligned spatially in the square pattern, as shown in Fig. 1(b) . Four coupling beams E 2 , E 0 2 , E 3 , and E 0 3 propagate through the atomic medium in the same direction with small angles ð$ 0:3 Þ between them. The probe field E 1 propagates in the opposite direction to other four coupling beams. Thus, two ladder-type EIT subsystems (j0i À j1i À j2i and j0i À j1i À j3i) will form, and two EIT windows appear [12] . With the phase-matching conditions
, which falls into the EIT window due to the j0i À j1i À j2i ladder subsystem) and
, which falls into the EIT window due to the j0i À j1i À j3i ladder subsystem), the two generated FWM signals are in the exactly same direction as shown in the right lower corner in Fig. 1(b) . Compared with FWM signals induced by atomic coherence, the fluorescence is caused by the photon decay from the excited level such as energy levels j1i, j2i and j3i, which is nondirectional. They can also fall into the EIT window and form the narrow linewidth signals.
The experiments were carried out in atomic vapor of Rb. The energy levels 5S 1=2 , 5P 3=2 , 5D 3=2 , and 5D 5=2 form the four-level Y -type system as shown in Fig. 1(a) . The laser beams were carefully aligned as indicated in Fig. 1(b) . The vapor cell is set at 60 C. The probe beam E 1 [with power P 1 and wavelength of 780 nm from an external cavity diode laser (ECDL), connecting transition 5S 1=2 À 5P 3=2 ) is horizontally polarized. The lasers E 2 and E 0 2 (with powers P 2 and P 0 2 , respectively, and wavelength 775.98 nm connecting transition 5P 3=2 À 5D 5=2 ) are split from a CW Ti:sapphire laser, each with a vertical polarization. The laser beams E 3 and E 0 3 (with power P 3 and P 0 3 , respectively, and wavelength 776.16 nm connecting transition 5P 3=2 À 5D 3=2 ) are split from another ECDL, each with a vertical polarization. Great care was taken in aligning the laser beams with spatial overlaps and wave vector phase-matching conditions with small angles ð$ 0:3 Þ between them, as shown in Fig. 1(b) . Two diffracted FWM signals (E F 1 and E F 2 ) with horizontal polarization appear at the lower right corner of Fig. 1(b) and are detected by an avalanche photodiode detector (APD). The transmitted probe beam is detected by a silicon photodiode. Besides, three types of fluorescence are detected in our experiment: the decay of photons from j1i to j0i will generate single-photon fluorescence signal R 0 (wavelength of 780 nm), and the decay of photons from j2i or j3i to j1i will generate two-photon fluorescence signals R 1 or R 2 (wavelength of 776 nm), as shown in Fig. 1(a) .
In general, by solving the coupled density-matrix equations, we can obtain ð3Þ 10 , which gives the leading contributions to the FWM process. With E 1 , E 2 , and E 
where 
With E 3 and E 0 3 turned on, if the dressing effects of E 1 and E 3 ðE 0 3 Þ are simultaneously considered, we can obtain the multidressed FWM process as
On the other hand, in the four-level Y -type atomic system, we identify three groups of fluorescence signals. The first group of fluorescence R 0 generates by the photon decay from j1i to j0i.
We can represent the fluorescence process R 0 by the pathway 11 . Further, by solving the coupled density-matrix equations, we can obtain
which gives the leading contributions to R 0 . With E 2 and E 3 opened, the dressed fluorescence process R 0 can be represented by the pathway
11 with doubly dressing effect can be rewritten as
The second group of fluorescence R 1 generates by the photon decay from j2i to j1i. We can represent the fluorescence process R 1 by the pathway 
22 giving the leading contributions to R 1 can be obtained as
When the beam E 3 is turned on, it can also dress the fluorescence process R 1 . So, we can further obtain the doubly dressed R 1 as
The third group of fluorescence R 2 generates by the photon decay from j3i to j1i. We can represent the fluorescence process R 2 by the pathway 33 . Similarly, the simple fluorescence process R 2 will give
Further, the singly dressed and doubly dressed fluorescence process R 2 can be expressed as
There exist obvious differences between fluorescence and FWM signal. First, the Liouville path of FWM is closed loop while the one of fluorescence is not. Second, the propagating direction of FWM is decided by the phase-matching condition, but the direction of fluorescence is uncertain. Third, the fluorescence generates by photon decay from the excited levels while FWM is due to atomic coherence. Fourth, more importantly, fluorescence values R 1 and R 2 obtained in our experiment are of ultranarrow linewidth compared with FWM signals since they can be sheared twice by EIT windows.
Analysis and Discussion of Experimental Results
First, by blocking different beams, we investigate characteristics and interaction of the measured signals in the j0i À j1i À j2i ladder subsystem and j0i À j1i À j3i ladder subsystem, individually (see Fig. 2 ). Fig. 2(a)-(d) shows the measured curves obtained by scanning Á 1 with different laser beam configurations, where the upper curves are the probe transmission signals, the lower curves are the corresponding fluorescence, and the FWM signals are shown in the middle curves. Fig. 2(a) shows the measured result with all the beams opened. And Fig. 2(b)-(d) gives the measured curves with E 2 and E 0 2 , E 3 and E 0 3 , and E 3 blocked, respectively. In the experiment, the detuning Á 2 and Á 3 are set at Á 2 ¼ Á 3 ¼ 100 MHz, so that the measured signals in the j0i À j1i À j2i and j0i À j1i À j3i ladder subsystems can overlap and interact with each other. In Fig. 2(a) , the two EIT windows generated in the j0i À j1i À j2i and j0i À j1i À j3i subsystems overlap at Á 1 ¼ ÀÁ 2 ¼ ÀÁ 3 within the Doppler absorption background. The FWM E F 1 and E F 2 falling into the respective EIT windows also overlap with each other. In the fluorescence signals, the background curve represents a emission profile of single-photon fluorescence R 0 with the resonant wavelength of 780 nm related to ð2Þ 11 in (6), which is due to the spontaneous decay of photons from the energy level j1i to j0i. Two overlapped suppression dips can be observed at Á 1 ¼ ÀÁ 2 and Á 1 ¼ ÀÁ 3 upon the emission profile, and two overlapped sharp peaks are generated within the dip. According to the expression of ð2Þ 11DD in (7), the dips result from the suppression of E 2 ðE 0 2 Þ and E 3 ðE 0 3 Þ denoted by the dressing terms jG 2 j 2 =d 2 and jG 3 j 2 =d 3 . The peaks within the dip are twophoton fluorescence signals R 1 related to ð4Þ 22 in (8) and R 2 related to ð4Þ 33 in (11) (both with wavelength of 776 nm), due to the spontaneous decay of photons from the energy level j2i and j3i to j1i. It can be seen that the signal R 0 could be regarded as the counterpart of the probe transmission signal: the emission profile of R 0 is corresponding to the absorption background of the probe transmission signal, and the overlapped suppression dips upon R 0 are corresponding to the two overlapped EIT windows. This is due to the common term d 1 þ jG 2 j 2 =d 2 þ jG 3 j 2 =d 3 contained in the expressions of both 
2 =d 3 Þ gives the leading contributions to EIT), where the single-photon term d 1 determines the classical background profile and the two-photon terms jG 2 j 2 =d 2 and jG 3 j 2 =d 3 determine the dressing part (EIT peaks or fluorescence suppression dips).
In order to distinguish the signals related to the j0i À j1i À j2i subsystem and j0i À j1i À j3i subsystem, respectively, and study the interaction between them, we block different beams in the experiment. With E 2 and E 0 2 blocked, the signals in the j0i À j1i À j3i subsystem are generated, as depicted in Fig. 2(b) . On the other hand, with E 3 and E 0 3 blocked, the signals in the j0i À j1i À j2i subsystem are generated, as shown in Fig. 2(c) . The double peaks of the EIT signal in the system with 87 Rb5S 1=2 F ¼ 2 correspond to the different hyperfine levels of the excited states j2i ð5D 5=2 Þ or j3i ð5D 3=2 Þ of 87 Rb. In Fig. 2(b) , the double peaks of the EIT are corresponding to 5D 3=2 ðF 00 ¼ 3Þ and 5D 3=2 ðF 00 ¼ 2Þ individually, and the energy separation between them is about 42 MHz. In Fig. 2(c) , the double peaks of the EIT are corresponding to 5D 5=2 ðF 00 ¼ 3Þ and 5D 5=2 ðF 00 ¼ 2Þ individually, and the energy separation between them is about 22 MHz. Comparing the intensities of FWM signals in Fig. 2(b) and (c), the FWM intensities in Fig. 2(c) is obviously larger than those in Fig. 2(b) . However, the power of laser beams E 2 ðE 0 2 Þ is smaller than the power of E 3 ðE 0 3 Þ; the FWM in the j0i À j1i À j2i subsystem is more efficient than that in the j0i À j1i À j3i subsystem. 
Such a disparity between the level j2i ð5D 5=2 Þ and the level j3i ð5D 3=2 Þ is attributed to the fact that j2i ð5D 5=2 Þ has fewer decay channels. According to the selection rules, j2i ð5D 5=2 Þ can decay only to J ¼ 3=2 of the 5P and 6P levels, while j3i ð5D 3=2 Þ can decay to both J ¼ 3=2 and 1/2. Moreover, when we compare Fig. 2(a) with Fig. 2(b) and (c), the interaction between the j0i À j1i À j2i subsystem and the j0i À j1i À j3i subsystem can be observed. We notice that the total signals in Fig. 2(a) are not merely the superimposition of the signals generated in the j0i À j1i À j2i subsystem [see Fig. 2(c) ] and those generated in the j0i À j1i À j3i subsystem [see Fig. 2(b) ]. The height of the EIT window in Fig. 2(a) is smaller than the sum of the heights of the EIT windows in Fig. 2(b) and (c). The height of the FWM signal and the depth of the fluorescence suppression dip reveal similar behavior. Especially, by comparing Fig. 2(c) with Fig. 2(d) in which only the beam E 3 is blocked, one can see the FWM E F 1 is largely suppressed by E 0 3 in Fig. 2(d) . These phenomena result from the interaction of the dressing effect of E 2 (denoted byjG 2 j 2 =d 2 ) and that of E 3 (denoted by jG 3 j 2 =d 3 ). With E 1 , E 2 and E 0 2 opened, we study the singly dressed probe transmission signal, FWM as well as fluorescence signal by scanning Á 2 with the different discrete Á 1 under three kinds of groundstate hyperfine levels (GSHLs) 5S 1=2 F ¼ 3 of 85 Rb, 5S 1=2 F ¼ 2 of 85 Rb, and 5S 1=2 F ¼ 2 of 87 Rb, respectively, as shown in Fig. 3(a)-(c) . First, we study the probe transmission signal, which is proportional to the opposite of imaginary part of the first-order density matrix element Fig. 3(d1) ] when observing Fig. 3(a) Fig. 3(d2) ] when observing Fig. 3(c) . The baselines (horizontal background) of probe transmission signals represent Doppler absorption background of the probe beam at corresponding Á 1 without the dressing field E 2 ðE 0 2 Þ, as shown in Fig. 3(a1) , (b1), and (c1). Peaks higher than baselines are the EIT windows (satisfying Á 1 þ Á 2 ¼ 0), and the dips lower than baselines represent electromagnetically induced absorption (EIA; satisfying Á 1 þ Á 2 ¼ jG 2 j 2 =Á 1 ) induced by the dressing field E 2 from the j0i À j1i À j2i ladder subsystem. In Fig. 3(a1) with the GSHL 5S 1=2 F ¼ 3 of 85 Rb, one can see the EIT reaches its maximum when the beam E 1 resonates with the energy level j1i ð5P 3=2 Þ, then decreases gradually as Á 1 is kept away from the resonance point ðÁ 1 ¼ 0Þ, and finally transfers to EIA when Á 1 is at large detuning. There exists similar phenomena for probe transmission signals in the system with the GSHL 5S 1=2 F ¼ 2 of 87 Rb [see Fig. 3(c1) ] except that EIA does not appear at large detuning Á 1 . However, for 5S 1=2 F ¼ 2 of 85 Rb [see Fig. 3(b1) ], the probe transmission signals are almost EIA at all discrete Á 1 , which is because of optical pumping between 5S 1=2 F ¼ 3 and 5S 1=2 F ¼ 2 of 85 Rb. Second, we study the FWM signals, as shown in Fig. 3(a2) , (b2), and (c2). When Á 1 is at small frequency detuning, the FWM signals show the AT-like splitting, which is due to the superimposition of the dressed singlephoton term ðd 1 þ jG 2 j 2 =d 2 Þ and the two-photon term ðd 2 Þ in ð3Þ F 1SD (2) . In addition, the FWM signals show different intensities in the both regions with Á 1 G 0 and Á 1 9 0 because of the different transition probabilities. For 5S 1=2 F ¼ 3 of 85 Rb [see Fig. 3(a2) ], the FWM intensities are larger in the region with Á 1 G 0 than Á 1 9 0. It is because the transition probability, which is decided by the relative transition dipole moment, is large in the region with Á 1 G 0. Specifically, as shown in Fig. 3(d1) , we can obtain the relative transition dipole moment is 3/2 by the transition F ¼ 3 ! F 0 ¼ 4 in the region with Á 1 G 0 and 5/6 by the transitions F ¼ 3 ! F 0 ¼ 3 and F ¼ 3 ! F 0 ¼ 2 in the region with Á 1 9 0. Similarly, in Fig. 3(d2) , for 5S 1=2 F ¼ 2 of 87 Rb, the relative transition dipole moment is 7/6 by the transition
So, the FWM intensity is larger at Á 1 G 0 than Á 1 9 0 in Fig. 3(c2) . However, in Fig. 3(b2) , the FWM intensity is larger at Á 1 9 0 than Á 1 G 0. According to the selection rule of transition, it is obvious for 5S 1=2 F ¼ 2 of 85 Rb that the relative transition dipole moment is larger at Á 1 9 0 than Á 1 G 0 as shown in Fig. 3(d1) . At last, we observe the fluorescence signals as shown in Fig. 3(a3) , (b3), and (c3). The fluorescence signals include two components: the 780-nm fluorescence signal R 0 related to without the dressing effects of E 2 ðE 0 2 Þ. During the process of scanning Á 2 at small frequency detuning Á 1 , the 780-nm fluorescence signal R 0 can be suppressed by E 2 according to
11DD , as shown by the dips in Fig. 3(a3) Fig. 3(b3) (5S 1=2 F ¼ 2 of 85 Rb), there are no dips at all discrete frequency detuning Á 1 due to the weak EIT. On the other hand, the 776-nm fluorescence peak R 1 in the suppression dip is induced by the two-photon term with the dressing effect of E 2 , denoted by
22SD , which matches the condition
The fluorescence peak R 1 can be seen with ultranarrow linewidth (about 10 MHz), which is much narrower than the EIT window (about 50 MHz), as shown in Fig. 3(a3) . Such high-resolution fluorescence is generated for the reason that it has been sheared twice by the EIT window. First, due to the dressing term jG 2 j 2 =d 2 , the single-photon term
11DD is clipped out, resulting in the suppression dips on R 0 , which is of the same width as the EIT window. Further, such clipped single-photon term, as a factor of two-photon term d 2 , participates in the process of two-photon fluorescence R 1 ð ð4Þ 22 Þ, which also stays in the EIT window. Therefore, the fluorescence is sheared for the second time to an ultranarrow peak. With jÁ 1 j increasing, the fluorescence peak R 1 gets large for Fig. 3 Further, when the laser beam E 3 is also turned on, we study the doubly dressing effect by scanning Á 2 with Á 3 ¼ 0 and setting Á 1 at different frequency detunings, as shown in Fig. 4(a) . In probe transmission signals [see Fig. 4(a1) ], the total profile consisting of baselines shows Doppler absorption background of the probe beam and the EIT window caused by the dressing effect of the field E 3 . The peak higher than the baseline is the EIT window due to the beam E 2 . The total EIT peak reaches the highest point at Á 1 ¼ ÀÁ 3 ¼ ÀÁ 2 % 0. By comparison, the EIT window due to the beam E 2 is the smallest at Á 1 ¼ 0 because of the strong cascade-dressing interaction between E 2 and E 3 near Á 1 ¼ 0 according to ð1Þ 10 . Because of the dressing effect of E 3 , the FWM signal E F 1 [see Fig. 4(a2) ] will be suppressed when the condition Á 1 þ Á 3 ¼ 0 is satisfied and enhanced when the condition Fig. 4(a3) ], the heights of baselines represent the intensity of the 780-nm fluorescence R 0 at corresponding Á 1 , which is suppressed by the beam E 3 near Á 1 ¼ 0 according to the dressing term jG 3 j 2 =d 3 in ð2Þ 11DD . When Á 1 is set at ÀÁ 3 (0 MHz), the baseline is suppressed to its minimum height by the beam E 3 . The dips lower than the baseline show that the fluorescence signal R 0 is suppressed again by the beam E 2 at Á 2 ¼ ÀÁ 1 according to the dressing term jG 2 j 2 =d 2 in ð2Þ 11DD . By comparison, the suppression dips induced by E 2 become shallow near jÁ 1 j ¼ 0 due to the strong cascade-dressing interaction between E 2 and E 3 according to ð2Þ 11DD . This is corresponding with the variation of EIT caused by E 2 due to the similar mechanism in ð2Þ 11DD and ð1Þ 10 . Physically, since the EIT becomes weak at Á 1 ¼ 0, i.e., the absorption increases, fluorescence signal from spontaneous emission of photons gets strong. Accordingly, the dip of the In the following, we compare the experimental results in Fig. 4(a) , which are obtained by scanning Á 2 with Á 3 ¼ 0 and setting Á 1 at different discrete detunings, with the ones in Fig. 4(b) , which are obtained by scanning Á 2 with Á 1 ¼ 0 and setting Á 3 at different discrete detunings. The variations of the total profiles consisting of baselines in the probe transmission signal and the fluorescence signal are different. First, as to the probe transmission signals, the total profile of baselines in Fig. 4(a1) shows Doppler absorption background of the probe beam and the EIT window caused by the field E 3 . By comparison, the total profile of baselines in Fig. 4(b1) only shows the EIT window due to the field E 3 . When Á 3 continues to get large, the trend of the total profile becomes horizontal but not Doppler absorption background. Next, we compare the total profile of baselines of the fluorescence signals. In Fig. 4(a3) , the total profile consisting of baselines shows emission profile of the fluorescence signal R 0 and the suppression dip caused by the dressing effect of the field E 3 . However, the total profile of baselines in Fig. 4(b3) only shows the suppression dip due to the field E 3 . As Á 3 continues to get large, the total profile becomes horizontal but not emission profile of the fluorescence signal R 0 . The aforementioned differences can be explained by the expressions We have also observed the experimental results in Fig. 5 obtained by scanning the detuning Á 3 of the dressing field E 3 (with only E 0 3 closed) with the coupling detuning Á 2 ¼ 0 and setting the probe detuning Á 1 at different discrete values. In the probe transmission signals [see Fig. 5(a) ], the heights of baselines represent the transparent degree of E 1 caused by the beam E 2 . The peak higher than baseline is the EIT window due to E 3 . By comparison, as jÁ 1 j decreases, the EIT window induced by E 3 becomes small. Under the condition Á 1 þ Á 2 ¼ 0 (i.e., Á 1 ¼ 0), the EIT window reach its minimum due to the strong cascade-dressing interaction between E 2 and E 3 at Á 1 ¼ 0 according to the expression suppression and enhancement of FWM signals. The heights of the baselines represent the intensity of the FWM signal E F 1 at one designated probe detuning value Á 1 . The profile consisting of these baselines shows the AT splitting due to the dressing effect of the field E 2 . In those subcurves, which show the signal intensities versus Á 3 at different discrete probe detunings Á 1 , the dips lower than the baselines and the peaks higher than the baselines represent the FWM signals being suppressed (satisfying the suppression condition Á 1 þ Á 3 ¼ 0) and enhanced (satisfying the enhancement condition 
33SD . Finally, we concentrate on the power dependence of measured signals by scanning Á 2 at Á 1 ¼ 200 MHZ with E 1 , E 2 and E 0 2 opened. We first study the influence of the power P 2 on the measured signals. In Fig. 6(a1) -(a3), when P 2 changes from small to large, we arrange the experimental curves from bottom to top. As expected, the EIT peaks get high and the EIA dips get deep as P 2 increases in Fig. 6(a1) , which result from the dressing term jG 2 j 2 =d 2 of E 2 in
10 . The FWM signals [see Fig. 6(a2) ], which is dependent on E 2 , also get large with P 2 increasing. With respect to the fluorescence signals [see Fig. 6(a3) ], the peaks (R 1 due to ð4Þ 22 ) within the dips obviously get high with the increase of P 2 since R 1 is mainly dependent on the beam E 2 according to ð4Þ 22 . By comparison, the depths of the dips become slightly large due to the dressing term jG 2 j 2 =d 2 in ð2Þ 11DD . Next, under the condition of changing the power P 1 and keeping the powers of other beams unaltered, we observe the power dependence of the measured signals [see Fig. 6 (b1)-(b3)]. As P 1 increases, similarly, the EIT peaks get high and the EIA dips get deep as shown by the curves from bottom to top in Fig. 6(b1) . This results from the dressing effect of E 1 in 
Conclusion
In conclusion, we have compared the probe transmission, FWM, and fluorescence signals with dressing effects for the first time. The variation rules of three types of signals have been experimentally discussed by changing the frequency detuning and power of incident laser beams. The ultranarrow fluorescence signals have been experimentally obtained, whose amplitude can be effectively controlled by the incident beam intensity and frequency detuning via dressing states. Such ultranarrow fluorescence signals with very high coherence and monochromaticity have been used for the quantum correlation, narrow linewidth laser, and long-distance quantum communication. The studies about FWM processes have applications in optical switch, optical communication, and quantum information processing.
